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DESCRIPTION 



A method for monitoring a reaction by coloring reaction 
in the solid phase synthesis of a sugar chain 

Technical Field „ rt wi nff 
The presenr invent M » a method for monitoring » reacuon by colornrg 

^Uon in *. solid phase synthesis of a sugar chah, More parricuUriy, *. 

Cein where* the pre*n«s of a hydroxy! group and a chloroacety! group wh,oh - a 
protecting group of a hydroxyl group are deterred by a coloring reaction. 

mglB ^g NMRhas been required (Sceberger, P. H. er al., Angew. Chen, In, Ed ^ 
J Jim. Anreunodofincorpora^acarboniso^-Corfluorlnea^whrchcanbe 

Let. 200!. 3. 1403-1466). However. <he« nreftoda have dUadv^tage. ur d,a, Ureyrequu. 

be stopped for every measurement. 

With regard ,o dre soKd-phase synthesis of a peptide, a technique of tnont^g an 

. «. u 1070 14 505-598). This technique is being applied to 
(Kaiser, E. et al., Anal. Biochem., 1970, 34, 595 W). 

automated synthesizers. 
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With regard to to aoUd-pbase of a -gar M however, since . coionng 

rcacdon using . simple coloring rercdon has not yet been developed. 

Disclosure of the Invention , 

SoUd-ph^e synthesis is . >ce, tecbnique for .utonr.dc synthesis, and it is also . haste 
^ue (or eotnbin.ton.1 chemistry. As st.»d .hove, the aolid-ph.se reecdon h.s - 
.^mgein tot an excessive recent or substratecan he washed aw.y, but it has aho . 
«*, in to. mentoring of the reacdon is exnemdy dfficu... An objec. of me 
pK8e », invendon is to provide a method for simp.y. ,uicUy and aelecdveiy montonng dre 

chain. 

As.reauuofinmnaivesmdiesdhec^mwa.dsme.hoveohjecm.presen.mv^r. 

h ,ve sncoeeded in deveioping a <echni,u. for monitoring me progmss of a reaodon in me 
solid-phaae ayntosis of a »g« ohain in a real-dme manner, m the solid-phase syntos* o, 
a^chain which compri^arepearofmoreacdonsofaglyooayUdonreaodon and. 

^^cdng^.cdonof.^ypromcnnggroup.acoionngre.cdonisnecess.yno. 
o„,y for . hydroxy! gronp h«. ..so for me tempos pro.ee.ing group. Thus, me present 
fcvenrors h.ve detected . chloroaceryl group which la wide., used as . tempore proteedng 
grcup in to sugar ch«i« aynmesis by reacting the chloro^etyl group with 
(p-nitrob^yDpyridine (PNBP) (Compound 1 in to reacdon acheme below, to develop red 

Cor under basic condition.. They have aiao detected a hydroxy, group using a Disuse 
^(^dy.^uricohiorid.eompiexiCompound^mtore^donach.mebe.ow). Tbos. 

sugar chain in a real-time manner. 
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Immobilization 
Oglycoaytaten 



^doproiecllon 'CI 



0 2 N 

1 

on; n - m*1 



forglycoeylalion;n-mH 
for daprolectlon; n - m 

. gly co !yl aUon reason U — - * — « *~ ^ * 

'-z— --ritr: rszr. 

rfUaDoearance of the coloring reaction with Disperse Keo ana 

PNBP and of *e crt*. rcacuon -» " 

!L of *e preS «— . *. soM-phase .action can * ^ «— < - ». 

Alsoonlvav«y ! mall.mountofaoHdph M e« 8 ini6requ B «d. 

1 JL*.*..— .^^^..ed-odforoe^ 

rv^X^.^of.a.dyc^poun^dV^aponp 

In another aspect of the present mvenuon, there is provioe 

P ^ x^reinZ represents a halogen or 

ahydroxyl group protected by a b~~* - - 
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-0-S0 2 -R, in which R represents an aliphatic or aromatic hydrocarbon group, which is 
immobilized to a solid phase, with (p-nitrobenzyl)pyridine under basic conditions. 

In another aspect of the present invention, there is provided a method for detecting 
whether or not a hydroxyl group in sugars is protected, which comprises the step of reacting 
the sugar having a hydroxyl group or hydroxyl group protected by a Z-CH 2 -CO- group 
wherein Z represents a halogen or -O-S0 2 -R, in which R represents an aliphatic or aromatic 
hydrocarbon group, which is immobilized to a solid phase, with a compound represented by 
the formula X-Y wherein X represents a residue of an azo dye compound, and Y represents a 
group capable of reacting with the hydroxyl group in the sugars; and/or reacting the above 
sugar with (p-nitrobenzyl)pyridine under basic conditions. 

The compound represented by the formula X-Y is preferably 
N-[2-[(4,6-dichloro-U,5-rt^ 
benzeneamide. 

The Z-CH 2 -CO- group is preferably a chloroacetyl group. 

In another aspect of the present invention, there is provided a method for monitoring 
the progress of a synthesis reaction of a sugar chain in the method of synthesizing a sugar 
chain by reacting the first sugars having a hydroxyl group which is immobilized to a solid 
phase, with the second sugars having a reactive group reacting with the above hydroxyl group 
and a protected hydroxyl group, wherein the protecting group of the hydroxyl group is a 
Z-CH2-CO- group wherein Z represents a halogen or -O-SCVR, in which R represents an 
aliphatic or aromatic hydrocarbon group, and the presence of a hydroxyl group or a protected 
hydroxyl group in sugars which is immobilized to a solid phase is detected by the reaction of 
the sugar with a compound represented by the formula X-Y wherein X represents a residue of 
an azo dye compound, and Y represents a group capable of reacting with the hydroxyl group 
in sugars, or (p-nitrobenzyl)pyridine. 

Brief Description of the Drawings 
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Figure 1 is a result obtained by monitoring the progress of the synthesis of a sugar 
chain which comprises the deprotection of a hydroxyl group by means of the method of the 
present invention. 

Detailed Description of the Invention 

The embodiments of the present invention will be described in detail below. 

The present invention relates to a method for detecting the presence of a hydroxyl 
group or a protected hydroxyl group in sugars which are immobilized to a solid phase. 

A hydroxyl group in sugars can be detected by reacting the sugar with a compound 
represented by the formula X-Y wherein X represents a residue of an azo dye compound, and 
Y represents a group capable of reacting with the hydroxyl group in sugars. 

The compound represented by the formula X-Y wherein X represents a residue of an 
azo dye compound, and Y represents a group capable of reacting with the hydroxyl group in 
sugars, which is used to detect the hydroxyl group, is explained below. 

The compound represented by the formula X-Y is colored because it contains an azo 
dye component represented by X. Moreover, this compound is able to bind to a hydroxyl 
group in sugars by means of a group represented by Y. The compound represented by the 
formula X-Y is immobilized to a solid phase by reacting sugars having a hydroxyl group 
which is immobilized to a solid phase with the compound of the formula X-Y, Then, the 
presence or absence of a hydroxyl group in sugars can be detected by determining the 
presence or absence of the coloration of the solid phase. 

Specific examples of the azo dye component represented by X include: 
Disperse Red (common name): 2-[ethyl[4-[(4-nitrophenyl)azo]phenyl]amino]-ethanol; 
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Basic Blue 41 (common name); 2-[4-[ethyl(2-hydroxyethyl)amino]phenyl]azo] 
-6-methoxy-3-mehtyl-benzothia2olium methyl sulfate; 

CH 3 OS0 3 e 



Congo Red (common name); l-[[3-methyl-4-[(3-methylphenyl)azo]phenyl]azo-naphthanol; 

HQ 




Sudan Red 7B (common name); N-ethyl l-[[4-(phenylazo)-phenylazo]-2-naphthaleneamine; 

EtHr 




Congo Red (common name); 3,3'-[[l,l'-biphenyl-]-4,4'-diylbis(azo)-]bis[4-amino] 
-1 -naphthalene sulfonic acid disodium salt; and 




SOsNa 



SQjNa 
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5-amino-3 



.[(lE)-ph e nylazo]-4.hydroxy-2,7-naphthalen disulfonic acid disodium salt; 



NaQ 3 S 




NH 2 OH 



Specific examples of the group represented by Y which is capable of reacting with a 
hydroxyl group in sugars include a halogen; 0-SO.-R wherein Represents an aliphatic or 
aromatic hydrocarbon group; isothiocyanate, and a chlorotriazine derivative. 

Specific examples of the preferred compound represented by the formula X-Y include: 

N .[2-((4,6-dichloro^^ 
benzeneamide; 

Procion Red MX-5B (common name); 5.[(4,6.dichloro.l,3.5-triazm-2-yl)ammo]-4-hydroxy 
-3-phenylazo 2,7-naphthalene disulfonic acid disodium salt; and 

=Vr cl 




N — Ph 



Cibacron BrilUant Red MX-5B (common name); 5-(benzoylamino)-3-[[5-[[4-chloro.6. 

[(4.sulfophenyl)ammo]4,3,5-triaim-2-yl]ammo].2-su^ 

naphthalene disulfonate disodium salt 



- 7 - 



2003$ 9A308 12418ft SIKs & Co. 



NO. 3558 P. 11/24 




• 4 Na 



Moreover, a hydroxyl group protected by a Z-CH2-CO- group in sugars can be 
detected by reacting the sugar with (p-nitrobenzyl)pyridine under basic conditions. 

In the above formula, Z represents a halogen or -O-SO2-R, wherein R represents an 
aliphatic or aromatic hydrocarbon group. Examples of halogen may include fluorine, 
chlorine, bromine and iodine, and chlorine is preferable. Moreover, examples of the 
aliphatic or aromatic hydrocarbon group represented by R include lower alkyl groups (e.g., 
those containing 1 to 6 carbon atoms) such as methyl, ethyl, propyl or butyl, aryl groups 
containing 6 to 12 carbon atoms such as phenyl or naphthyl, and alkyl groups obtained by 
their combination. A chloroacetyl group is a particularly preferred example of the 
Z-CH2-CO- group. 

Coloring reaction takes place by reacting a sugar having a hydroxyl group protected by 
a Z-CHa-CO- group wherein Z represents a halogen or -O-SO2-R, in which R represents an 
aliphatic or aromatic hydrocarbon group, which is immobilized to a solid phase, with 
(p-nitrobenzyl)pyridine under basic conditions. The term 44 under basic conditions" used 
herein mean that a reaction is carried out preferably in the presence of a weak base such as 
pyridine, amines (e.g., N,N'-diisopropylamine, triethylamine, N-methylmorpholine, etc.), or 
anilines (e.g., aniline, N-methylaniline, p-toluidine). The presence of the hydroxyl group 
protected by the Z*CH 2 -CO- group can be detected by determining the presence or absence of 
the development of a color. 

The progress of the synthesis reaction of a sugar chain can be monitored by using the 
method of the present invention as mentioned above. The synthesis of a sugar chain is 
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carried out by reacting the second sugar with the first sugar which is immobilized to a solid 
phase. The elongation reaction of a sugar chain can be carried out using a common method 
that is known to a person skilled in the art 

The first sugar which is immobilized to a solid phase has a hydroxyl group which may 
have a protecting group as necessary. It is necessary to eliminate (i.e., deprotect) this 
protecting group of a hydroxyl group, as appropriate, for the following reaction with the 
second sugar. In the present invention, a Z-CH 2 -CO- group wherein Z represents a halogen 
or -O-SO2-R, in which R represents an aliphatic or aromatic hydrocarbon group, is used as a 
protecting group of a hydroxyl group. As stated above, the presence of this protecting group 
can be detected by carrying out a coloring reaction of the sugar with (p-nitrobenzyl)pyridine 
under basic conditions. Moreover, a hydroxyl group from which its protecting group has 
been eliminated (deprotected) can be detected by a reaction of the sugar with a compound 
represented by the formula X- Y wherein X represents a residue of an azo dye compound, and 
Y represents a group capable of reacting with the hydroxyl group in sugars. In the present 
invention, the state of the protection and deprotection of the hydroxyl group can be monitored 
by these two types of reactions, and thereby the progress of the elongation reaction of a sugar 
chain can be monitored. 

A solid phase used in the present invention is not particularly limited, and any solid 
phase which is used for the common solid-phase synthesis of a sugar chain can be used, as 
long as a sugar can be immobilized and operations such as washing and separation can be 
carried out. Specific examples of the solid phase carrier used in the present invention 
include a microplate, beads, a tube, a membrane, gel, and a micro-particle solid phase carrier 
(e.g., agarose particles, gelatin particles, kaoline particles, and synthetic polymer particles 
(latex particles, etc.)). Of these, a micro-particle solid phase carrier is preferably used. 

The types of sugars that can be used in the present invention are not particularly 
limited, and any of monosaccharide, disaccharide, and polysaccharide such as trisaccharide 
may be used. Specific examples of such sugars include tetraose such as erythrose or threose; 
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pentose such as ribose, arabinose or xylose; hexose such as glucose, mannose, galactose, 
allose or talose; sugars obtained by deoxylation of a part of these sugars, such as 
2-deoxyglucose or 2-deoxyribose; and amino sugar such as 2-acetamido-2-deoxyglucose; 
oligosaccharide obtained by ether binding of the aforementioned sugars, such as lactose or 
chitobiose; sialic acid; and glucuronic acid. Furthermore, these sugars may exist as a D form 
and an L form. Both of these forms and their mixture may also be used. 

The present invention will be further described in the following examples. The 
present invention is not limited by these examples. 

Examples 

(1) Synthesis of N-[2-[(4,6-dichloro-l,3,5-triazin-2-yl)oxy]ethyl]-N-ethyl-4-[(4- 
nitrophenyl)azo]-benzeneamide 



Disperse Red I (2.00 g, 6.36 mmol) and N,N'-diisopropylethylamine (1.1 mL, 6.36 
mmol) were dissolved in CH 2 C1 2 (50 ml), and cyanuric chloride (1.17 g, 6.36 mmol, 
lachrymator) was added thereto at 0°C. The reaction solution was stirred at room 
temperature overnight. The solution was diluted with ethyl acetate (100 mL), and the 



was extracted with ethyl acetate (30 mL), and the combined organic extracts were dried over 
sodium sulfate. After filtration, the solvent was subjected to vacuum concentration, and the 





organic layer was then washed with a cold saturated brine solution (30 mL). The water layer 
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residue was purified by silica gel column chromatography (CHC1 3 : EtOAc was from 9 : 1 to 
1 • 1), so as to obtain a product of interest (2.05 g, 70%). 

IH NMR 5 8.34(dd, J=9.2Hz, 2H), 8.0-7.9(m. 3H), 6.87(d, J=9.2Hz. 2H). 4.71(1. J=6.4Hz, 
2H), 3.89(t, J=6.0Hz, 2H), 3.62(q, J=7.6Hz, 2H), 1.26(t, J=7.6Hz, 3H). 

(2) Typical experimental method for developing color of chloroacetyl group by PNBP 

Several particles of resin present in the reaction solution were transferred to a 
microtube, and approximately 0.3 mL of toluene solution of (p-nitrobenzyl)pyridine (80 
mg/10 mL) was added thereto. After 5 minutes, the solution containing a solid phase resin 
was spread on a silica gel thin layer plate, and it was heated on a hot plate for 1 minute. 
Then, 10% piperidine solution in toluene was sprayed thereon followed by heating on the hot 
plate for 10 seconds. The color of the resin was visually observed by the naked eye. and it 
was also possible to capture its image into a computer, using a microscope equipped with a 
CCD camera (280 X , CCD Micro Scope Inf-550 (Moritex)). 

(3) Typical experiment regarding hydroxyl group coloring method using Disperse 
Red-cyanuric chloride complex 

Several particles of resin present in the reaction solution were transferred to a 
microtube, and the particles were sweUed with THF (0.1 mL). 1% Disperse Red solution in 
THF (0.1 mL). and one drop of 0.5% i-Pr^Et solution in THF were added thereto, and the 
resultant was left stand for 10 minutes. After 10 minutes, the supernatant was discarded, and 
the solid phase resin was washed with THF and DMF until the supernatant became 
transparent The color of the resin was visually observed by the naked eye, and it was also 
possible to capture its image into a computer, using a microscope equipped with a CCD 



camera. 



(4) Monitoring of synthesis of sugar chain 
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1,3-diisopropyl carbodiimide (88 yL, 0.563 mmol) was dropped at room temperature 
into a suspension (10 mL) of carboxylic acid 3 (41 1.0 mg, 0.563 mmol) and Tentagel type 
solid phase resin 4 (1.50 g, 1 .375 mmol) in methylene chloride. The reaction suspension 
was shaken overnight, and the solid phase resin was filtrated. The solid phase resin was 
washed with methylene chloride, dimethylformamide, methylene chloride, methanol, and 
ether in succession. Thereafter, the washed resin was subjected to vacuum drying. By the 
PNBP method and the Disperse Red method, it was confirmed that the reaction was 
progressing but had not yet been completed (coloring reaction was observed by both PNBP 
and Disperse Red methods) (the uppermost figure in Figure 1). Acetylation was carried out 
in order to inactivate unreacted hydroxyl groups. The solid phase resin was suspended in 
methylene chloride (7 mL), and i-Pr 2 NEt (0.6 mL) and Ac 2 0 (0.3 mL) were dropped in the 
suspension. The obtained reaction solution was shaken for 2 hours, and the solid phase resin 
was filtrated. Then, the solid phase resin was washed with methylene chloride, methanol, 
methylene chloride, and ether in succession, followed by vacuum drying (after acetylation, 
the development of color was observed by the PNBP method, but the coloring reaction was 
not observed by the Disperse Red method). 
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BnC> 
CAcO 



DMF ' B % 



Solid phase resin 5 (1 .50 g) was suspend* » DMF (10 mL), and a 
hydr^edithiocarbona.a solution (0.37 M. 2.9 mmo.) «« dropped in the au.pen.ion. 
followed by shaking a, M « •» ' hour. The .olid phaae resin was filtmted and 

.hen^.hedwithDMF.me^len.cbloride.metool.^d^erin.nc^.sion. THereafter, 
the ^Hdpha.ere.inw^.ubjecied^vac.vundrytagt.eototag re«tion wa. no. ob^«i 

by to PNBP method, M « was observed by the Disperse Red method). Thus, from the 



been 



eliminated (deprotected) (the second figure from the top in Figure 1). 




NaOMe 
MeOH, THF 



S„Ud phase resin 6 (1.50 8) and sug* dono.7 were upended in methylene cblorrde 
O0 mL), and BF..OE, (0.3 mL) was topped in the suspension. The reacdon soludon was 
shaken a. room temperemre overnight. The solid phase resin - washed with DMF, 
methanol, methylene chloride, and other in succession, Mowed by vacuum dryrng (a 
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coloring reaction was observed by the PNBP method, but it was not observed by the Disperse 
Red method) (the third figure from the top in Figure 1 ). It was found that a glycosylation 
reaction had progressed and hydroxyl groups had disappeared. 

200 mg out of mis solid phase resin was suspended in methanol (3 roL), and NaOMe 
(0.15 mL, 28% methanol solution) was dropped in the suspension at room temperature. 
After stirring the mixture overnight, the reaction solution was neutralized with Amberlyst 15E. 
The solid phase resin was filtrated, and the filtrate was subjected to vacuum concentration. 
Thereafter, the residue was purified by preparative silica gel thin layer chromatography, so as 
to obtain compound 8. The disaccharide which was cleaved had a high purity. 
1H NMR 5 7.3-7.2(m, 10H), S.03(d, J=11.2Hz. 1H), 4.87(d, J=l 1.7Hz, 1H), 4.80(d, 
J=l 1.2Hz, 1H), 4.70(d. J=12.4Hz, 1H), 4.66(d, J=12.0Hz, 1H), 4.64(d, J=12.4Hz, 1H), 4.42(d, 
J=7.6Hz, 1H), 3.8-3.7(m, 2H), 3.7-3.3(m, 13H), 3.28(m, 1H), 3.27(m, 1H) 




10 



Solid phase resin 9 (500 mg) was suspended in DMF (5 mL), and a 
hydrazinedithiocarbonate solution (0.37 M, 2.9 mmol) was dropped in the suspension, 
followed by shaking at room temperature for 1 hour. The solid phase resin was filtrated and 
then washed with DMF, methylene chloride, methanol, and ether in succession, followed by 
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vacuum drying (a coloring reaction was not observed by PNBP method, but it was observed 
by Disperse Red method). Thus, it was found that the protection of a chloroacetyl group had 
been eliminated (deprotected). 



BnO 
CAcO 

P 



^-OCAc 

Cl 3 




BnO 
CAcO 



SoUd phase resin 10 (500 mg) and sugar donor 7 (464 mg) were suspended in 
methylene chloride (4 mL), and BF 3 OEt 2 (0.15 mL) was added to the suspension, followed 
by shaking at room temperature for 13 hours. The soUd phase resin was filtrated and then 
washed with methylene chloride, methanol, DMF, and methylene chloride in succession, 
followed by vacuum drying (a coloring reaction was observed by the PNBP method, but it 
was not observed by the Disperse Red method) (the fourth figure from the top in Figure 1). 
It was found that hydroxyl groups had disappeared and a glycosylate reaction had 
progressed. 

200 mg out of this solid phase resin was suspended in methanol (3 mL), and NaOMe 
(0.15 mL. !*% methanol solution) was dropped in the suspension at room temperature. 
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After stirring overnight, the reaction solution was neutralized with Amberlyst 15E. The 
solid phase resin was filtrated, and the filtrate was subjected to vacuum concentration. 
Thereafter, the residue was purified by preparative silica gel thin layer chromatography, so as 
to obtain compound 15. The tetraose which was cut out had a high purity. 



l H NMR6 (CD 3 OD)7.3-7.2(m,25H), 4.99(d,J=10.7Hz,lH), 4.94(d,J=10.5Hz,lH), 

4.84(d,J=11.0Hz,lH), 4.82(d,J=11.7Hz,lH), 4.6-4.5 (m,3H), 4.49(d,J=11.2Hz, 1H), 

4.45(dJ=10.7Hz,lH), 4.35(d.J=7.8Hz,iH), 4.31(d,d=7.8Hz,lH), 4.06(m,lH), 3.9-3.8(m,2H), 

3.57(m,lH), 3.6-3.3(m,14H), 3.04(tf=8.8Hz,lH), 2.62(m,lH); 

,3 C NMR 6 139.98(C),139.88(C),139.70(C),139.42(C),138.91(C),129.56(CH), 

129.41(CH),129.13(CH),129.09(CH),129.13(CH),129.09(CH),129.06(CH),129.03(CH),128.9 

7(CH), 128.83(CH), 128.67(CH), 128.54(CH), 128.49(CH), 128.45(CH), 

128.34(CH),105.09(CH),104.56(CH),104.09(CH),103.00(CH),85.25(CH),83.70(CH),79.08(C 

H).78.79(CH),78.39(CH),78.26(CH),77.88(CH),77.78(CH),77.44(CH), 

76.75(CH),76.57(CH),76.46(CH),76.09(CH),76.00(CH 2 ),75.92 (CH 2 ), 77.72(CH), 

75.61(CH 2 ),75.47(CH),75.O7(CH 2 ),71.82(CH 2 ),69.33(CH 2 ),62.43(CH 2 ),62.36(CH 2 ),62.07(C 
H 2 ). 
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Solid phase resin 6 (200 mg) and sugar donor 12 were suspended in methylene 
chloride (2 mL), and BF 3 OEt 2 (30 mL) was dropped in the suspension. The reaction 
solution was shaken for 1 2 hours, and the solid phase resin was filtered. Then, the solid 
phase resin was washed with methylene chloride, methanol, DMF, and methylene chloride (a 
coloring reaction was observed by PNBP method, but it was not observed by Disperse Red 
method). 



Industrial Applicability 

According to the present invention, the progress of a reaction can be simply, quickly 
and selectively monitored with high sensitivity in real time, in the solid-phase synthesis of a 
sugar chain. 

The present disclosure relates to subject matter contained in priority Japanese Patent 
Application No. 2002-3 12131, filed on October 28, 2002, the contents of which is herein 
expressly incorporated by reference in its entirety. 
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